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I g6r .Epithelial cell renewal in the jejunum of CAFr mice was studied by observing the time for cells labeled with tritiated thymidine (1.5-2.0 PC/g body wt.) to pass from the crypt to the extrusion zone at the tip of the villus. Mice of three ages were studied : 93, 372, and g4o days. The total observed transit times were 44, 52, and 53 hr, respectively. The increase with age was the result of increase in both the crypt and villus transit times. Structural changes could not be made to account for the differences. The increase may be the result of a decreased rate of cell production in the crypts.
The jejunum was taken from young (0.25 yr), middleaged (I yr), and old (2.6 yr) mice. The expected survival of the normal CAFl mouse at these ages is IOO %, g8%, and about 25%, respectively. Three series of animals were studied : series A (r g58), which supplied the material for the previous study of the duodenum (I), and two later ones (B, 1959; C, 1960) . The numbers of animals from each series assigned to the various age groups, average weights and tumor incidences, and the times of sacrifice, are given in Tables  I and 2. A LTHOUGH MANY EFFECTS of aging have been studied there is little information on how it affects the production, maturation, and subsequent fate of cells in mammalian proliferative tissues. In the first paper of this series (I), epithelial cell renewal in the duodenum of the CAFI mouse was studied as a function of age. The time was determined for cells labeled with tritiated thymidine to pass from the crypt, where cell division occurs, to the base of the villus, and from there to the extrusion zone at the viUus tip. It was found that the transit time increased with age. This increase was not associated with a change in the structure of the villus, but was correlated with a decrease in the rate of cell production in the crypts. In the present paper a similar study for the jejunum is reported, and a comparison is made between the results for the duodenum and jejunum.
Each mouse was injected intraperitoneally with 50 PC (0.05 ml) of tritiated thymidine obtained from Schwartz Laboratories (360 me/ml in sterile distilled water). -Male and female mice chosen at random were sacrificed alternately (Table   2) .
At sacrifice a 3-cm segment was removed from the midpoint of the small intestine, which is near the middle of the jejunum.
Each 3-cm segment was cut into three equal parts and fixed in a 20: 2 : I mixture of 70 % ethyl alcohol, neutral formalin, and glacial acetic acid. The two terminal samples were fixed intact to be sectioned transversely. The midportion was cut open longitudinally and Aattened gently on blotter paper before fixing. The tissues were fixed overnight, dehydrated in ethyl alcohol (TO-80-95 %), cleared in amyl acetate and embedded in paraffin.
Thus, for each animal, there were one longitudinal and two transverse blocks of the jejunum.
Transverse blocks were used for all assessments. In addition, longitudinal blocks were used for total transit time (see below).
EXPERIMENTAL PROCEDURES
The methods were similar to those in the previous study (I) The transit time is defined as the period required for labeled cells to pass from one region to another. The total transit time is the time for cells to move out of the crypts onto the villi (crypt transit time) plus the time taken for cells to reach the extrusion zones at the tips of the villi (villus transit time).
Crypt transit times. To determine the crypt transit time, animals were sacrificed at I--I 4 hr after administration of tritiated thymidine (Table 2 ). In each animal 50 or more villi were scored for the presence of labeled epithelial cells on or above the base of the villus. From these data the percentage of labeled villi was determined as a function of time (Fig. I ). The following terms will be used to describe the results. LTo, is an estimate of the earliest time after the injection of the label at which a villus in the sections was observed to be labeled, and is measured from the point at which the straight line intercepts the abscissa
LTso, is an estimate of the time at which 50 70 of the villi in the sections were observed to be labeled. Both the LTo, and LT50C are biased estimates of the elapsed time for the respective intact villi' to be labeled in the animal. The bias is one that occurs when certain measurements made on two-dimensional sections are applied to the intact three-dimensional structure. The sections of, say, the base of the villi show some fraction of the cells in that structure and the probability of observing a labeled cell on the villus base will be less than that of observing it in the intact structure. The LTo, and the LTso, do not provide estimates of the minimum and mean crypt transit times. However, a comparison of the LT 0's determined in sections from animals of various ages does provide a n estimate of the age-dependent differences of one aspect of the movement of cells, i.e., the time at which labeled epithelial cells move out of the crypts onto the villi.
Following the injection of tritiated thymidine, a period of time elapsed before labeled epithelial cells were observed on the villi. The duration. of this interval depended on age and was longer in the older animals (Fig. I) . After this time the percentage of observed labeled villi increased in a linear fashion. Regression lines were fitted to the data (Table  3 ). The slope of the regression line did not change significantly with age and was in the range 10.6-12 %/hr.
The LTbo, or time at which 50% of the villi were observed to be labeled, was calculated from the regression line equation; for the young, middle-aged, and old groups, it was 7.4, 9.4, and I 1.6 hr, respectively (Table  4) . By calculation, also, the LTo was found to be 3.2, 5.3, and 6.8 hr, respectively.
Total and villus transit times. To determine the time at which labeled cells reached the extrusion zone, villi were selected that showed this region clearly; for each animal, IOO villi from the longitudinal sections and 50 from each of the two transverse sections were examined. The villus was scored positive if labeled cells were within three cells of the extrusion zone. From these data the percentage of labeled extrusion zones was calculated. The observed total transit time (LTo,) is also a biased estimate, but has not the sZme degree of bias as the estimate of crypt transit time, because any section cut through the extrusion zone of a villus shows a considerable fraction of that zone. In fact, the earliest time after injection of the label at which labeled cells are found in an extrusion zone provides the closest estimate of the minimal total transit time that can be obtained by the present method.
The time at which labeled cells were found at the extrusion zones was : young, 42 hr; middle-aged, 52 hr; and old, 54 hr (Table 5 ). It can be seen from the data that the number of extrusion zones with labeled cells increased rapidly and that, at the first time interval at which labeled cells were seen at the extrusion zones, they were observed in 34 %, 44 %, and 70 % of the villi, respectively, for the three age groups. The villus transit times derived from the difference between the LTat and the LTo, show the same relation to age as the total transit times (Table  4) . Cell production in crypt. The change in transit time with. age suggested that cell production in the crypt might change similarly.
To estimate the rate at which new cells were produced, the percentage of labeled cells was determined on about 20 crypts in sections from mice sacrificed at intervals after the injection of tritiated thymidine ( Table 2 ). The results indicated that the increase in labeled cells between I: and IO hr after injection could be treated as a linear function of time. Regression lines were therefore fitted to the data (Fig. 2) . The slopes for the young and middle-aged groups did not differ significantly (3.54 AZ 0.27 and 3.04 zt 0.36 %/ hr, respectively).
The slope for the old group differed significantly from both (I .36 & 0~48, P < O,OI ).
DISCUSSION
From the summary of the results presented in Table 4 it can be seen that the crypt transit time, as indicated by either the LTo, or the LTSOc, and the total transit time increase with age. The total and villus transit times of the two older groups are similar and both are greater than in the young. The fact that, at the first time interval at which labeled cells are observed in the extrusion zones, a relatively large number of the villi in the sections were found to have labeled extrusion zones suggests that the intervillus variation in the minimal transit time was not great. In the young animals extrusion zones with labeled cells were found and recorded (as percentages) from 42-54 hr, but the percentage labeled never reached IOO and is considerably variable at different sacrifice intervals. This is probably due to a number of factors: I) there are variations in the results between animals, 2) some unlabeled cells may be interspersed between groups of labeled cells and be seen in the extrusion zones after the first batch of labeled cells have been extruded, 3) only a fraction, even though a considerable fraction, of any one extrusion zone is examined and, as unlabeled cells will be expected to be on the villi at all sacrifice intervals, there is a low probability that IOO % of the observed zones will be scored, positive for the presence of labeled cells at any one time interval.
It is clear that precise values cannot be determined Percentage of jejunal villi with labeled nuclei in extrusion ipne In the jejunum, changes were found (manuscript in preparation), but these were not of sufficient magnitude to account for the age-dependent effects. The length of a crypt in the young animal (male and female) averaged 155 p; in the two older groups it averaged I 38 p. The average villus length was 380 (-c in the young, 375 in the middle-aged, and 42 I in the old group. The total distance from the bottom of the crypt to the extru&n zone was therefore similar in the three groups-535 p in the young, 514 in the middle-aged, and 55~ in the old.
In the absence of structural change, it may be B.Q gested on general grounds that some factor acts to diminish the rate of cell production. The experimenti evidence presented above supports this view. Precimly how the decreased rate of cell production is brought about, is not clear. It could result from an incrcage in the generation time or from a decrease in the number of actively proliferating stem cells. As pointed out pr+ viously (I), changes in the net rate of cell producltian in the crypt might stem, at least in part, from the toxkity of the tritiated thymidine.
If so, the degree of such tuxicity is a function of age and therefore is a parameter ob aging. Each of these factors must be considered b&ore an adequtite explanation can be provided.
